thought to be the tubule is a colloidal product, and apparently not strictly speaking of an organic nature; and secondly, that the Tomes's processes of the ameloblasts are not processes of the cell.
Mr. Carter denies the existence of an organic fibrillar basis in enamel, and considers Leon Williams's views on the structure of the enamel prisms to be erroneous; he denies the existence of separating structures corresponding to the outer and inner ameloblastic membranes described in that author's paper, although acknowledging the presence of a dialysing membrane in the latter situation.
As Mr. Carter freely quotes from my paper in the Philosophical Transactions he must forgive me if I draw attention to certain inaccuracies in quotation which misrepresent my meaning. He places between inverted commas, an alleged quotation from my paper, in which, moreover, he says he is stating my own words, and makes me say, " there is an essential difference between marsupial and higher mammalian enamels." No such sentence appears in my paper. My words are: " These evidences lead me to conclude that the essential difference between marsupial and higher mammalian enamel lies in the imperfect calcification of the cement substance in the former"; I submit that this does not convey the same meaning.
In the interests of correct quotation, a subject of the highest importance in scientific papers, I must also draw attention to the fact that in this same abstract divided sentences are run together without spacing, and the final inverted commas are omitted. On page 290 there are also two words incorrectly quoted which obscure the mleaning of the sentences and tend to render the description unintelligible, and the abstracts from both Mr. Tomes's and my own papers are, in several places, paraphrases, and not quotations, although placed between quotation marks.
There are two distinct views of the nature of the tubes in marsupial enamel: First, that of Mr. Charles Tomes, that the tubes are an enamel product, and due to the mode of calcification of the enamel prisms, as he considers that calcification is a centripetal process, proceeding in the prisms, from without, inwards, and that where tubes are found the process is not completed and has not proceeded to the complete calcification of the centre of the prism, which remains as a tube in the completed enamel; in other parts and in most mammalian enamels the calcification of the prism is complete, and a solid enamel results. These tubes in the enamel, he considers, become connected at the dentine margin with the dentinal tubes, but they are not dentinal tubes, but a product of the ameloblast. The other view is that held by Sir John Tomes, Professor von Ebner, and myself, that the tubes are dentinal tubes, and contain a prolongation of the dentinal fibril.
In order to make clear my observations on the different points under dispute in Mr. Carter's paper, I will arrange the subject under the following heads.:
(I) The nature of the tubes. (II) The nature of the Tomes's processes-of the ameloblasts. (III) The ameloblastic membranes. (IV) Calcification. As Mr. Carter dwells so constantly on the perfect fixation of his specimens, which of course I do not doubt, and suggests that appearances described by others which do not conform to his views may be due to the imperfect fixation of the material employed, I mnay state that my sections were from material in a very perfect state of fixation, given to me by Professor Symington. These sections bear the internal ,evidence of having been made from very perfectly fixed material, both by their staining reactions and by the excellent manner in which the relations of the separate tissues have been maintained. I think, also, that I worked a little nearer to life than Mr. Carter; all my preparations, except very advanced germs, were cut without decalcification. I carefully avoided the use of alcohol, paraffin (involving heating), and the notable shrinkage so often caused by clearing agents. The germs were simply embedded in gum, cut on the freezing microtome, and mounted in Farrant solution. Even in sections which Mr. Carter cut without decalcification, he employed the paraffin method. He says: " The amount of shrinkage is extremely slight," so that he does acknowledge that some skrinkage is produced by this method.
(I) THE ENAMEL TUBES.
Mr. Carter appears to regard the so-called enamel tube as a naked fibril, formed within the septa of a honeycomh structure. He considers it to arise " from the coagulation or gel formation of an organic substance not usually present in the colloidal secretion shed by the enamel cells of most other mammals." He would thus interpret the definite persistent structure seen in the enamel of marsupials as part of the " gel " formation of a colloidal material secreted by the ameloblasts, yet he speaks of an organic substance present in this colloidal secretion, which he considers to be of a protein nature. One had always considered that such colloidal product of secretory cells contained the lime salts in suspension, and that calcification took place within it. Analogy would lead us to expect that the colloid would be diffused into an organic basis substance, and not that it would contain this invisible organic material in suspension. The persistence of part of this colloid as a permanent "gel " in the finished tissue is not, it seems to me, consistent with what we know of the physical processes involved in calcification.
Uncalcified substances in the finished tissues are usually protoplasmic, and I do not see how the junction of this " gel" substance which composes these fibrils, with the living protoplasmic dentinal fibril, is explained.
That Mr. Carter has seen such a substance in marsupial developing enamel I do not deny, but I cannot consider it has any relation to the true tubular structure of marsupial enamel, and would rather imagine it has probably an intimate association with the formation of the interprismatic substance. Mr. Carter makes the curious -statement that his observations " negative the interpretation of the tubular form as the normal one." If not the normal one, how can these tubes ever be present as abnormal structures, as, if present at all, they necessitate an entirely different explanation of their mode of production ?
That there are tubes, however, in marsupial enamel in the dictionary sense of " a pipe or hollow cylindrical body," and that these tubes form the normal tubular structure of the enamel is capable of definite proof. When a marsupial tooth is injected with alcoholic fuchsin from the pulp cavity, or allowed to take up the stain by capillary attraction, which is just as efficacious, the colouring fluid passes uninterruptedly into the enamel to the finest termination of the tubes.
If it is a dry tooth and the openings of the dentinal tubes at the pulp surface are not immediately closed with thick balsam when the sections are mounted, the stain runs out again and is diffused in the mounting medium. Several of my specimens were spoilt in this way, but the running out of the stain clearly indicates that in the dry preparation there is an empty tube in the enamel through which coloured fluids pass ( fig. 1 ). If, however, the same process is carried out with a tooth which has had the soft parts fixed, the stain never runs out, the soft fibril occupying the tube being permanently stained.
In a ground section of a tooth of macropus which had been fixed in the fresh state and stained by Ramon y Cajal's silver nitrate process, the dentinal fibril is stained brown, and has an irregularly dotted appearance, as is often the case when the silver is not fully reduced. This dotted appearance extends into the tubes in the enamel, which are very abundant in this specimen, and the appearances in the tubes of both dentine and enamel are identical. It appears to me that this observation combined with that of Sir John Tomes, who found wavy flexible fibrils projecting frorn the dentine in his decalcification experiment, affords a definite proof of a soft fibril prolonged from the dentine within the enamel tubes. The same thing occurred in fixed preparations of some teeth of Bettongia, one of the kangaroo rats, which had been treated with gold chloride. We thus see that in dried specimens d FIG 1 Enamel and dentine of wallaby. Tubes injected with alcoholic fuchsin. e, enamel, d, dentine.
the stain enters tubes, and that in those in which the soft parts are pieesent, stains produce the same effect on the contents of the tubes both in the enamel and in the dentine.
An interesting structure in Bettongia also affords strong confirmation of the dentinlal origin of the -tubes, for they are seen to terminate here and there in bulbous enlargements, which contain the same deposit seen upon the fibrils of the dentine. The termination of these tubes in bulbous endings directed towards the outer surface of the enamel, instead of away from it, affords very strong evidence that the tubes are not an enamel product but proceed from the dentine. Another confirmation is found in the fact that the enamel tubes in many places taper down to fine ends as they approach the enamel surface and not towards the dentine as Mr. Carter's structures appear to do in his drawings.
Mr. Carter draws attention to what he considers an inconsistency in my remarks, where he says I describe the contents as granular, while I refer to them later as refractile dots. I think a more careful study of the paper would have avoided this mistake and shown that I was not referring to the same thing. In speaking of transverse ground sections of dry enamel I said that the tubes appeared in some places as refractile dots, and in others were deeply stained. In the transverse sectiois some of the smaller tubes do not contain the stain and appear as refractile dots as in unstained preparations ( fig. 2 ). This has nothing to do with my first statement, which was referring to the freshly fixed preparations described above, in which the soft contents were present. Again, he says my statements concerning the penetration of the fibril appear contradictory. I scarcely think so. I was contending that Section qf Odontology I could find no indication of the penetration of the enamel by tracts of dentine matrix carrying the tubes with them, as suggested by Dr. Paul [5] . I considered that the penetration of the dentinal fibril would be followed by a certain amount of peripheral calcification and thus the formation of a thin-walled tube might be quite comprehensible -the Neumann's sheath is considered to be a tissue on the borderland of calcification but I had not stated the existence of this sheath here, as I have not demonstrated it, and only suggested its presence as a possibility. The evidence of the existence of a tube must be accounted for in some such manner and it was long ago pointed out by Salter that calcification takes place at the ends of tubes where the living fibril is present.
Mr. Carter says that neither Mr. Tomes nor I offer any explanation of the spiral nature of these prolongations. I had long ago considered this and found by experimenting with stiffened threads thrust into gelatine that on passing into the slightly resisting medium they assumed a spiral course. This spiral course is not by any means universal, the tubes are often quite straight or merely slightly wavy, and their form probably depends on the amount of resistance they meet with during their ingrowth. Mr. Carter also states that transverse sections of enamel show the tubes both within and between the prisms. I cannot help thinking that if his specimens had been thin enough he would not have seen them in both situations but distinctly between the prisms, in thick sections the winding of the tubes in some parts makes them appear within the prisms. Even according to his own view of the nature of the tubes I cannot understand how he can expect to find them in both places.
Mr. Carter has never seen the slightest evidence of the existence of any spaces between the prisms, not even at the dentine junction, on the existence of which he says I have founded my theory of dentinal penetration. Here he again suggests imperfect fixation of the preparations, an objection which I have already refuted. Fig. 3 is a photograph of a specimen which had not been decalcified and only disturbance of the sections could produce a false effect of spaces, but these are not disturbed. There are spaces or intervals between the formed material, and these are seen between the prisms ( fig. 3 ) and at the amelo-dentinal junction, and the tubes of the dentine can be seen to enter these spaces. I do not suggest they are empty spaces, which of course they could not be, but they are filled with the colloidal material in which calcification is progressing. In marsupials, however, this process does not proceed to the complete obliteration of the spaces.
As evidence of the tubes being of dentinal origin we have then: (1) The free passage of the stain from the pulp cavity into the spaces in the enamel in dried teeth.
(2) The staining by gold and by silver nitrate of the dentinal fibril in fixed preparations; this stain being identical in dentine and enamel.
(3) The bulbous ending of the tubes in Bettongia.
(4) The projection of the wavy fibrils in decalcified enanmel. (5) The appearances in transverse sections. We must consider the'determination of the nature of these processes as of the utmost importance in the study of the development not only of marsupial enamel but of that of inammalia generally. If Mr. Carter's views were correct the whole of the present views on the calcification'of enamel would fall to the ground. There would be no organic basis to enamel, unless we accept his problematical organic matter in suspension in the colloid as constituting it, and no fibrillar basis. I have certainly never seen the Tomes's processes present the appearances shown in Mr. Carter's figures, 18 and 19, where they are apparently structureless and have no connexion with the ameloblast layer. As I have figured them in my paper on marsupial enamel, the processes which proceed from the cells, as Tomes originally demonstrated, are not tapered to a point as shrunken specimens would suggest, but on the contrary spread out in a fan shape to the forming enamel and are most distinctly fibrillar. Moreover I can trace the cytoplasmic threads of the ameloblast distinctly into these processes and also see them becoming incorporated in the forming enamel, as shown in fig. 4 . From these appearances I am quite unable to accept. Mr. Carter's explanation of them as a colloidal deposit; they are, I consider, distinctly of an organic nature and a portion of the ameloblast cell, and Mr. Tomes's view that they enter into the formationa of the prisms is, I consider, correct. I am sure that no one looking at the specimens from which these photographs were taken could doubt. that the processes are prolongations of the cell substance, but Mr. Carter says: " There is not the slightest evidence of the presence of any cytoplasmic structures such as Tomes and Mum'mery believe to. bepresent "; and again: " In formiing marsupial enamel there is no trace .of the existence of such prolongations of the cytoplasm of the ameloblasts as those on which Toines has based his theory of enamel development." If, however, we accept the evidence of the specimens I have shown in the photographs, it appears that Mr. Carter's whole argument on this subject must necessarily fail. These cytoplasmic threads, a prolongation from the ameloblast cells, are blended with the forming -enamel and become incorporated with it, forming its organic basis, and we have not to seek the organic substance in a mythical blending of protein substances with a colloid. In forming marsupial enamel the -delicate fibrillar substance is distinctly seen and in stained specimens also there are clear indications of it in places where calcification is evidently incomplete. In the dry specimens of Macropus enamel taken from the crypt, the fibrillar nature of the enamel is clearly visible, as I shall presently point out.
(III) THE AMELOBLASTIC MEMBRANES.
The outer and inner ameloblastic membranes were first described by Leon Williams [7] . I quite agree with this author that some *separating substance is to be seen between the cells of the stratum intermedium and the ameloblasts and also between the ameloblasts and the -forming enamel, as the next photographs will show. I do not pretend to say of what this substance consists, but its presence is indisputable ( fig. 5 ). Moreover these separating structures are not seen in either situation in the enamel germ before the commencement of calcification, and their appearance seems to be determined by the ,onset of this process. It early stages of the tooth germ, cells of the stratum intermedium may be seen lying between the ameloblasts at their distal ends, but after calcification has commenced I have never seen this occur, and they are distinctly cut off from the line of .ameloblasts. That processes pass from the cells of the stratum intermedium to the ameloblasts is evident in many sections, but these processes must pierce the separating substance, whatever it is, which intervenes between the two layers of cells. In the same way the inner .ameloblastic membrane appears to depend for its formation on the calcifying process and probably serves, as does the outer one, as a -dialysing membrane.
Both Mr. Tomes and Mr. Carter consider it an inexplicable anomaly that the dialysing membrane should be penetrated by the fibrils of the
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Tomes's processes; but while Mr. Tomes denies the existence of such separating membrane, Mr. Carter apparently allows the existence of some such structure, but not the processes of the cell, as he considers with Mr. Tomnes that we could not have a dialysing membrane which is perforated by processes. It would appear probable that, as Mr. Carter indicates, this inner ameloblastic membrane is formed by the union at their margins of the limiting inembrane of the cell on its enanmel aspect, as the outer membrane (the existence of which Mr, Carter denies) may also be the thickened cell wall of the distal end of the ameloblast. That the processes in both cases do pass through this limiting muembrane there can be no doubt, but an outgrowth of the cytoplasmic fibrils does Macropus. Ameloblasts partially detacbed from outer ameloblastic membrane. a, stratum intermedium; b, outer ameloblastic membrane; c, ameloblasts. (x 1,000.) not necessarily mean a perforation of such membrane; the protoplasm of the cell wall is not a rigid substance pierced with holes like a sieve, as these objections would seem to assume, and is probably perfectly capable of acting as a dialysing membrane although these processes do pass through it, so that although Mr. Carter looks upon my position with regard to these as anomalous, I cannot so consider it. In connexion with this subject it may be mentioned that Ram6n y Cajal describes the intracellular bridges of epithelial cells as being covered with a prolongation of the cell membrane.
(IV) CALCIFICATION.
Mr. Carter says that the results of chemical analysis as recorded in the text-books have been arrived at by the ashing method, which he considers gives misleading results. I think he must have overlooked the paper by Dr. Lovatt Evans and the late Professor Underwood in the Transactions of ,the International Medical Congress of 1913, where Dr. Lovatt Evans pointed this out and described his own analysis made by the Frankland method as dulv recorded in the text-books both of Tomes and Underwood. Mr. Carter argues that in formed marsupial enamel, "the percentage of organic material is extremely slight, for when sections of adult marsupial enamel are subject to a decalcifying agent, the whole of the tissue, excepting the fibrillar system, is dissolved." By the fibrillar system he would indicate what is usually called the tubular system. I have already described, in my paper in the Philosophical Transactions, the result of my own decalcification experiment on adult marsupial enamel. In this experiment I decalcified in strong hydrochloric acid in order that there should be no doubt that the calcifying salts were thoroughly removed. This was added to a drop or two of Farrant solution, in which the section of dentine and enamel was placed, and watched under the microscope. The strong acid removed all the lime salts, and not only did the tubes remain, but also a distinct fibrillar foundation which retained the exact contour of the original piece of enamel, the-viscous fluid in which the decalcification took place preventing the washing away by the watery acid of this delicate substance, as occurs when ordinary methods are adopted. Mr. Carter does not attempt to explain the result of this experiment, but merely states there is no such remainder. He considers Leon Williams's description of the mode of calcification of enamel to be erroneous, and denies the separate calcification of the interprismatic substance, as it seems to me without sufficient reason. He describes a sponge-work formation with large meshes in which what he considers to be the fibril is laid down, but which I should much more be inclined to look upon as associa-ted with the formation of the interprismatic substance. He also considers that a further congelation of the colloid takes place with regular meshes, in which the lime salts are deposited to form the prisms, the regular meshes being, as it were, the moulds in which the calcific matter is deposited. According to this view, the directing structure of the prisms is laid down by the colloidal sponge-work and not by the fibrillar basis substance hitherto considered to form the foundation of enamel.
This theory of enamel formation appears to be dependent entirely on the actual nature of the Tomes's processes of the ameloblasts which Mr. Carter considers non-existent, but represented by a colloidal deposit at the proximal ends of the cells and not -seen in contact with them. If the Tomes's processes can be shown to be processes of the cell, as I think there is every evidence that they are, Mr. Carter's explanation of the calcification of enamel is altogether inadequate.
Referring to my examination of marsupial teeth taken from the crypt in the dry state, Mr. Carter says: " The enamel is seen to be disposed in a series of prominent ridges, running parallel to the long axis of the tooth. This appearance can only be interpreted by assuming that the forming enamel has undergone incomplete calcification, and so has become distorted in drying. Conclusions based on the microscopical examination of enamel from such a source are thus open to suspicion." It must surely be evident that I examined these teeth for the very reason that they had undergone incomplete calcification, and what Mr. Carter calls distortion in drying is simply the projection of the laminae of the formed prisms, the interprismatic substance not having become calcified at the outer border of the enamel. These evidences of the nature of the calcifying process could not be artificially produced, and as far as they are utilized afford a distinct indication of the process. It would be just as reasonable to say that the dried skeleton gives no indication of the anatomy of the body.
I can quite understand that the appearances presented by these dry preparations ( fig. 6 ) cannot be explained on Mr. Carter's view of calcification-for the calcification of the prisms here appears to take place separately, and in a different form, fromn that of the interprismatic or cementing substance. In confirmation of the conclusions arrived at from the study of these specimens, I will show a very interesting photograph of human enamel which is not open to such criticism, the preparation from which this was taken being a ground section of a Weil preparation in which the fresh tooth was fixed in sublimate. The part of the enamel shown in the photograph ( fig. 7 ) was beneath the lower end of a deep fissure, some little distance from the dentine, in which caries had just commenced, and the resulting acids had etched away the enamel, gradually undoing, as it were, the process of calcification. A comparison with fig. 6 shows that exactly the same structures are seen in the adult human enamel as in the developing enamel of the marsupial. Here there are large calcospherites which have become somewhat fused but not disintegrated, as they are in neighbouring parts of the same preparation, and adjoining the large spherical bodies are tranverse sections of the prisms. In these transverse sections of the partially decalcified prisms the granules are seen which make up the little blocks of the enamel prisms as shown in the previous photograph, but cut transversely instead of longitudinally. As it is quite evident that these larger spherites do not form a portion of the prisms, we must look upon them as constituting a a FIG. 6.
From a teased preparation of forming enamel of macropus, showing large splierites and small forming blocks of enamel prisms at a. (x 1,000.) portion of the interprismatic material which is deposited in laminam within the colloidal substance which surrounrds and permeates the delicate fibrillar network forming the organic foundatio-n of enamel. A clearer confirmation of Leon Williams's origitiaal statement of the independent formation of the interprismatic substance, could not be brought forward, and I have not found a better confirmation of my own views as to the mode of deposition of the lime salts. Mr. Carter evidently has not met with the calcospherites which I found in such abundance, both in these and in my fresh decalcified preparations. He criticizes my explanation of Leon Williams's viewson calcification where I speak of the enamel columns as being built up like a row of bricks. This statement did not appear in a scientific paper, but in an address to students. I can, however, show one of these bricks which had become detached from the enamel column in a ground section and affords a fairly clear indication of the correctness of Leon Williams's views, but perhaps it has escaped from one of Mr. Carter's colloidal moulds ( fig. 8 ). He says there is no support for any theory which endeavours to explain the appearances found in formed or forming enamel as being due to intermittent rhythmical secretion from these cells. The law of periodicity of growth is, however, well-established, and many phenomena point to a periodicity of deposit of the.calcifying substances i'n.the living body.' The physiological an-d physical questions involved in the process. of cal'cific'atiopi of the hard tissues of the teeth are varied and complicated, and still require further and more complete investigation. There can be little doubt that the more recently investigated phenomena of adlsorption which are so intimately associated with surfacetension take an important share in the proce'ss. It is considered that, the phenomena of adsorption depend upon the power of the adsorbed substance to lower the surface tension, and itself accumulating at the surface leads to the formation of membranes and bears an intimate relation to the phenomena of osmosis. We may err, as I am sure Mr. Carter would admit, in attributing too much to physical processes and details of structure. We cannot lose sight of the dynamic forces inherent in the cell, the guiding and directing forces which must exist in all cells, and the nature of which we are very far from comprehending. The mere structure of the cell is of very little value in this connexion.~~~~~~~~~~a _~~~F IG. 8.
Young enamel, ground section, showing a block of enamel substance detached from the column, a. ( x 800.)
